ABSTRACT The distribution of enkephalin-like immunoreactivity within the avian retina was studied by immunofluorescence and immunoperoxidase techniques with antiserum to iMet5]enkephalin and [Leu5lenkephali. Formaldehyde- (18) types. This variation of amacrine cell types and their contribution to the synaptic circuitry of the inner plexiform layer presumably result in the high degree of visual information processing that is evident from physiological recordings of ganglion cell responses (26-28). Indeed, this high degree of information processing at the ganglion cell layer is the basis for classifying the avian retina as a "complex" retina (29, 30) .
iMet5]enkephalin and [Leu5lenkephali. Formaldehyde-fixed retinae were sectioned and incubated in antiserum to either IMet5]-or ILeu5enkephalin. Specificity to the antiserum was established by absorption of the antiserum with synthetic IMet5-or ILeu5jenkephalin at 1 mM. Positive immunohistochemical staining for enkephalin was observed in the somata of amacrine cells and their processes within the inner plexiform layer. A large number of enkephalin-containing amacrine cells were distributed throughout the retina, and their density appeared to be greatest within central retinal regions. The majority of labeled amacrine cells were about 7.5 um in diameter although, occasionally, amacrine cells were observed that were 12-15,gm in diameter. Amacrine cells had a cell-to-cell spacing of approximately 40 uim within central retinal regions. Labeled processes of the amacrine cells were observed to project into the inner plexiform layer where they arborized as a fine plexus, within laminae 1, 3-5 of the inner plexiform layer. These observations demonstrate the existence of opioid peptides in seemingly select populations of amacrine cells within the retina. The localization of enkephalit-like immunoreactivity within the retina suggests that opioid peptides play a specific and unique functional role in retinal processing. The distribution of the naturally occurring opioid peptides [Met5jenkephalin and [Leu5]enkephalin has been described within the central nervous system with the use of radioimmunoassay (1-5) and immunohistochemical (6) (7) (8) (9) (10) (11) techniques.
[Met5]Enkephalin and [Leu5jenkephalin are endogenous pentapeptides whose distribution within the central nervous system is generally associated with the distribution of opiate receptor binding sites (12) (13) (14) (15) (16) . The enkephalins have been shown to have an agonist activity at opiate receptor sites (17) , suggesting that these peptides play a role in neuronal function.
The retina is a multilaminated structure containing various cell types including the classically described photoreceptor, horizontal, bipolar, amacrine, and ganglion cell types. Many of these cell types can be further classified into subcategories on the basis of their somatic size, configuration, and dendritic morphology (18) . In addition to morphological criteria, retinal cell types may be classified by their individual histochemical characteristics. For instance, within the retina, selected populations of cells have high-affinity uptake systems for such putative neurotransmitters as y-aminobutyric acid and glycine (19) . Moreover, there are differential distributions of transmitter enzymes such as glutamac acid dicarboxylase and acetylcholinesterase (20) (21) (22) and transmitter receptor ligands such as muscimol and a-bungarotoxin (refs. 23-25; unpublished observations) within the plexiform layers of the retina.
The avian retina contains an especially rich assortment of cell types including several types of amacrine cells. Amacrine cells are a class of retinal cells whose processes make synaptic contact with bipolar and ganglion cells within the inner plexiform layer. Amacrine cells are located within the proximal portions of the inner nuclear layer adjacent to the inner plexiform layer and consist of at least 15 distinct morphological (18) types. This variation of amacrine cell types and their contribution to the synaptic circuitry of the inner plexiform layer presumably result in the high degree of visual information processing that is evident from physiological recordings of ganglion cell responses (26) (27) (28) . Indeed, this high degree of information processing at the ganglion cell layer is the basis for classifying the avian retina as a "complex" retina (29, 30) .
Recently, several studies have demonstrated an extensive distribution of enkephalins throughout the central nervous system (1-11). However, none of these studies revealed the possible existence of enkephalins within the retina. The present report describes the presence of enkephalin-like immunoreactivity (enkephalin-like immunoreactivity is also referred to as "enkephalin") within small amacrine cells of the inner nuclear layer and their processes located in the inner plexiform layer of the retina. (Calbiochem) at 1 mM overnight at 40C. The blocked antiserum was subsequently used in place of the primary antiserum with both immunohistochemical procedures to verify the specificity of the immunoreactive enkephalin staining.
MATERIAL AND METHODS

Antiserum
The fluorescein, peroxidase, and blocking experiments were replicated in at least four pigeon and four chicken retinae. kephalin was observed in processes usually located within the deeper laminae of the inner plexiform layer and not within the outer plexiform layer or the optic fiber layer (Fig. 1) .
RESULTS
The immunoreactive cells within the inner nuclear layer probably are amacrine cells on the basis of the following criteria. (i) Their location was restricted to the proximal portions of the inner nuclear layer. (ii) When a labeled process arose from a labeled cell, it could be followed directly into the inner plexiform layer where it ramified. (iii) No labeled process was observed coursing towards the outer plexiform layer. (iv) No immunoreactivity was seen within the outer plexiform layer.
The most frequently observed immunoreactive amacrine cells had an ovoid shape and were about 7.5 1um in diameter. These cells were located within the second and third tiers of cells from the border of the inner nuclear and inner plexiform layers. Occasionally, a somewhat larger immunoreactive amacrine cell was observed. These cells also had an ovoid shape, were about [12] [13] [14] [15] Aim in diameter, and were located at the border of the inner nuclear and inner plexiform layers.
Both peroxidase and fluorescein techniques frequently demonstrated a single labeled process arising from a labeled soma and entering the inner plexiform layer (Fig. 2) . Within the inner plexiform layer, this process formed a diffuse plexus of very fine processes (Fig. 1B) . Usually these arborizations were located in laminae 3, 4, and 5 although they also were observed within lamina 1. The amacrine cell processes occasionally had a beaded appearance. Along these processes there were doughnut-shaped enlargements measuring 1.4-1.9 ,im. The doughnut-shaped enlargements occurred most frequently within the proximal inner plexiform layers.
Immunoreactive amacrine cells and their processes were distributed throughout the retina; however, their greatest density was found within central retinal regions. This increased density of cells may reflect the larger number of amacrine cells within these regions and does not necessarily represent a localized retinal specialization (32) . Center-to-center spacing of immunoreactive amacrine cells within central retinal regions was approximately 40 ,m. The separation of these labeled cells was obtained from measurements on tangential sections of central retina through the inner nuclear layer (Fig. 3) (40, 41) . Selected amacrine cells also have differential high affinity uptake systems for 'y-aminobutyric acid, glycine, choline, and dopamine (19, (42) (43) (44) immunoreactivity has been found in the rat retina by the use of radioimmunoassays (45) , and somatostatin-like immunoreactivity has been localized in frog, rat, and goldfish retinae by the use of radioimmunoassays and in the goldfish retina by immunohistochemistry (D. Marshak, T. Yamada, J. Walsh, J. Morley, J. Hershman, and W. Stell, personal communication). The concentrations of thyrotropin-releasing hormone-like immunoreactivity within the retina differ in light and dark conditions, suggesting that this neuropeptide may be involved in retinal function.
The total number of amacrine cells within the pigeon retina is unknown, and consequently it is not possible to estimate what percentage of amacrine cells contain enkephalins. Likewise, the total number and regional distribution of particular chemical subclasses of amacrine cells are unknown. Therefore, it is not possible to compare the number and distribution of a particular subclass of amacrine cells to the number and distribution of enkephalin-containing amacrine cells. We are also unable to assess the possibility of enkephalins and a second putative transmitter occurring within a single type of amacrine cell. For instance, the enkephalin-containing amacrine cells at the junction of the inner nuclear and inner plexiform layers may or may not overlap with Ehinger's "junctional" type of dopamine-containing amacrine cell (40) .
The specific functional role of opioid peptides within the retina is presently unknown. The existence of enkephalin-like immunoreactivity within the retina as well as within many other central nervous system structures suggests that the enkephalins have diverse functional roles within the nervous system. Note Added in Proof. We have recently localized specific enkephalin-likeimmunoreactivity within a distinct classof'amacrineicells in turtle retina and substance P-like immunoreactivity within distinct classes of amacrine cells in frog, pigeon, rat, and rabbit retinae.
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